Until recently, transmissible spongiform encephalopathy (TSE) disease in cattle was thought to be caused by a single agent strain, bovine spongiform encephalopathy (BSE) (classical BSE or BSE-C). However, due to the initiation of a large-scale surveillance programme throughout Europe, two atypical BSE strains, bovine amyloidotic spongiform encephalopathy (BASE, also named BSE-L) and BSE-H have since been discovered. These atypical BSE isolates have been previously transmitted to a range of transgenic mouse models overexpressing PrP from different species at different levels, on a variety of genetic backgrounds. To control for genetic background and expression level in the analysis of these isolates, we performed here a comprehensive comparison of the neuropathological and molecular properties of all three BSE agents (BASE, BSE-C and BSE-H) upon transmission into the same gene-targeted transgenic mouse line expressing the bovine prion protein (Bov6) and a wild-type control of the same genetic background. Significantly, upon challenge with these BSE agents, we found that BASE did not produce shorter survival times in these mice compared with BSE-C, contrary to previous studies using overexpressing bovine transgenic mice. Amyloid plaques were only present in mice challenged with atypical BSE and neuropathological features, including intensity of PrP deposition in the brain and severity of vacuolar degeneration were less pronounced in BASE compared with BSE-C-challenged mice.
INTRODUCTION
Bovine spongiform encephalopathy (BSE) is a fatal neurodegenerative disorder of cattle, and belongs to a group of diseases known as transmissible spongiform encephalopathies (TSEs) or prion diseases. BSE was first reported in 1987 (Bruce et al., 1997; Wells et al., 1987) and its transmission to humans through contaminated food is thought to be the cause of the variant form of Creutzfeldt-Jakob disease (vCJD) (Bruce et al., 1997; Hill et al., 1997) . BSE is characterized by the accumulation in the brain of PrP TSE , which is a protease-resistant conformational variant of the host encoded cellular prion protein (PrP c ). Although BSE has been extensively characterized, the true nature and origin of the infectious agent remains unknown.
Until 2004, TSE disease in cattle was believed to be caused by a single prion strain, classical BSE (BSE-C). This conclusion was based on classical strain typing in mice (incubation time, lesion profiles, patterns of PrP staining in the brain) (Bruce, 1996) and biochemical features of the proteinase K (PK)-resistant PrP (PrP TSE ) in natural and experimental BSE (Collinge et al., 1996; Kuczius & Groschup, 1999; Kuczius et al., 1998) , which showed consistent results from all cattle isolates. However, two atypical BSE agents have recently been reported (Biacabe et al., 2004; Casalone et al., 2004; Jacobs et al., 2007; Stack et al., 2009 ), and are identified as H-type BSE (BSE-H) and bovine amyloidotic spongiform encephalopathy (BASE, also named BSE-L). These atypical bovine TSEs mainly affect older cattle and can be distinguished by the electrophoretic positions of their protease-resistant PrP TSE isoforms (Biacabe et 2007). Indeed, PrP is a glycoprotein and has two sites for the attachment of N-linked glycans, which depending on their utilization will produce di-, mono-and unglycosylated PrP (Stimson et al., 1999) . BSE-H PrP TSE shows a significantly higher molecular mass unglycosylated PrP isoform by immunoblot when compared with BSE-C PrP TSE . Similarly, BASE has a slightly lower molecular size than BSE-C PrP TSE and a clearly different glycoform pattern. Furthermore, following transmission into transgenic mice that overexpress the bovine prion protein, both BASE and BSE-H show neuropathological and molecular phenotypes, which are distinct from BSE-C (Béringue et al., 2006 (Béringue et al., , 2007 Buschmann et al., 2006; Capobianco et al., 2007; Okada et al., 2011a) . However, interestingly a recent study has found that survival times are similar in transgenic mice that overexpress the bovine prion protein challenged with either BSE-C or BSE-H . BSE-H and BASE were originally described in France (Biacabe et al., 2004) and Italy (Casalone et al., 2004) , respectively; however, they have since been documented in other European countries (Jacobs et al., 2007) , Japan (Hagiwara et al., 2007) and North America (Dudas et al., 2010; Richt et al., 2007) . While BSE-C is thought to be the result of feeding cattle prion-contaminated meat and bone meal, the origin of BASE and BSE-H remains unknown.
Several previous studies examining the transmission characteristics of these atypical BSE isolates compared with BSE-C revealed an increased transmissibility of BASE to transgenic mice overexpressing bovine PrP compared with BSE-C. However, these studies are difficult to compare as they have been performed in different laboratories using different transgenic mouse lines that express varying levels of bovine PrP on mixed murine genetic backgrounds. It has previously been shown that genetic background of inbred mouse strains can significantly alter BSE incubation time in wild-type mice (Manolakou et al., 2001) . Additionally, only two studies have been published in which all three isolates were compared in the same transgenic line (Buschmann et al., 2006; Nicot & Baron, 2011) , which had high expression levels of PrP c and lacked a genetically compatible wild-type control. In order to control for expression level and genetic background, here we carried out a fully comprehensive comparison of the neuropathological and molecular properties of BASE, BSE-C and BSE-H when transmitted into both 129/Ola wild-type mice and Bov6 mice, which contain a targeted substitution of murine PrP in the mouse genome with bovine PrP, and are maintained on an inbred 129/Ola background. This is the first description of atypical BSE transmission to transgenic mice expressing bovine PrP under the same spatial and temporal control as wild-type murine PrP. We found that Bov6 mice were susceptible to all three BSE agents; however, unlike previous studies using overexpressing mice (Béringue et al., 2006 (Béringue et al., , 2007 Buschmann et al., 2006; Capobianco et al., 2007; Nicot & Baron, 2011) , Bov6 mice challenged with BASE did not produce shorter survival times than mice inoculated with BSE-C and presented a pathological profile, which was less severe than BSE-C. Our results show that expression levels of bovine PrP in these animals can influence transmission characteristics and neuropathology of classical and atypical BSE infection. Thus, while mouse lines overexpressing bovine PrP are valuable, sensitive models for the analysis of these diseases, a combination of overexpressing-and gene-targeted mouse models may give a more detailed understanding of transmissibility and neuropathogenesis of these diseases.
RESULTS

Transmissibility of cattle TSE isolates to genetargeted bovine PrP transgenic mice
Following intracerebral inoculation of Bov6 mice with BASE-, BSE-C-or BSE-H-infected cattle brain, a TSE was induced in 24/24, 22/22 and 17/23 of the mice, respectively, defined by the presence of either PrP deposition (using immunohistochemistry) in the brain or vacuolar pathology (Table 1) . Bov6 mice inoculated with BASE, BSE-C or BSE-H first showed histopathological characteristics of disease (PrP deposition and vacuolar pathology) at 387, 328 and 476 days post-inoculation (p.i.), respectively (Fig. 1a) . The average survival time, which was calculated from those mice displaying both PrP deposition in the brain and vacuolar pathology, was similar between BSE agents (BASE, 547±18; BSE-C, 518±18; BSE-H, 561±15 days) (Table 1, Fig. 1a) . Interestingly, despite the observation of neuropathological changes in the majority of mice challenged with BASE and BSE-H, signs of clinical disease were virtually absent in these mice, which was not the case for BSE-C, where 15/22 mice showed clinical TSE (Table 1) . Additionally, 8/8 129/Ola control mice inoculated with BSE-C showed clinical signs of disease and were both positive for vacuolation and PrP deposition in the brain (Table 1) . However, very few neuropathological changes were detected in 129/Ola mice inoculated with BASE or BSE-H.
The lesion profiles, which define areas of vacuolation and their degree of severity in the brain, were determined for Bov6 mice inoculated with all three of BSE agents (Fig. 1b) . Although, the production of lesion profiles in preclinical mice is not standard practice, all mice challenged with BASE and BSE-H that scored positively for vacuolation pathology were included to give an indication of vacuolation profile in comparison to BSE-C. While Bov6 mice inoculated with BSE-C and BSE-H had a similar lesion score in the cerebellum, superior colliculus and hypothalamus, overall lesion profiles of BSE-C, BASE and BSE-H were clearly distinct, indicating three different strains. In general, the degree of vacuolation present was not obviously greater in any individual BSE agent.
Neuropathological characterization of BSE-C, BASE and BSE-H in Bov6 mice
Pattern of PrP deposition. Widespread PrP deposition, detected by using immunohistochemistry, was observed in Transmission characteristics of atypical BSE Bov6 mice challenged with all three BSE agents. However, Bov6 mice challenged with BSE-C clearly showed heavier PrP deposition at earlier time points, which was also more widespread throughout the brain as compared with BASE or BSE-H (Table 2 , Fig. 2a-c) . Over time, PrP deposition continued to be more pronounced in BSE-C than BASE or BSE-H (Table 2 , Fig. 2d-f ). Fine punctate and coarse staining was observed in Bov6 mice challenged with BSE-C and was most abundant in the corpus callosum, thalamus and hippocampal region (Table 2 ). In contrast, Bov6 mice challenged with BASE showed plaque-like PrP deposits and milder staining. Interestingly, punctate PrP deposits were observed in the ventral tegmental area of the brainstem in a number of these mice, which was not the case for BSE-C or BSE-H. Overall Bov6 mice inoculated with BSE-H showed small amounts of PrP immunopositivity and similarly to BASE, PrP deposition was plaque-like and was represented A profile was produced from nine grey matter areas (1, medulla; 2, cerebellum; 3, superior colliculus; 4, hypothalamus; 5, thalamus; 6, hippocampus; 7, septum; 8, retrospinal cortex; and 9, cingulate and motor cortex) and three white matter areas (1*, cerebellar white matter; 2*, midbrain white matter; and 3*, cerebral peduncle). Mean scores were taken from a minimum of 15 mice per group and plotted against brain area±SEM (b).
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On: Wed, 26 Dec 2018 21:55:41 mostly in the hippocampus and thalamus (Fig. S1 , available in JGV Online). Thioflavin-S fluorescence confirmed the presence of PrP amyloid plaques in BASE-and BSE-Hchallenged Bov6 mice ( Fig. 2g-i) . In BASE-challenged Bov6 mice, PrP amyloid plaques were observed in several regions of the brain. No thioflavin-S fluorescent PrP amyloid plaques were observed in Bov6 mice challenged with BSE-C (Fig. 2g) .
Glial neuropathology. Mild gliosis was present throughout the brains of aged Bov6 control mice ( Fig. 3k and l) . In contrast to gliosis due to ageing, an obvious increase in the appearance of astrogliosis and microgliosis was clearly evident throughout the brains of Bov6 mice inoculated with all three BSE agents and was most apparent in the hippocampus (Fig. 3) . Furthermore, areas of PrP deposition in the hippocampus clearly correlated with microgliosis in Bov6 mice challenged with all three BSE agents (Fig. 3 ). (Fig. 4 and Fig. S2 ). We found that the BSE-H PrP TSE unglycosylated isoform had a higher molecular mass than BSE-C or BASE, and a lower molecular unglycosylated isoform was observed for BASE PrP TSE . These results are consistent with studies using transgenic overexpressing bovine PrP mice (Béringue et al., 2006 (Béringue et al., , 2007 Buschmann et al., 2006; Capobianco et al., 2007; Okada et al., 2011a) . Ratios of all three glycoforms (un-, mono-and diglycosylated), calculated by a Kodak 440CF digital imager, were similar between BSE-C PrP TSE and BSE-H PrP TSE ; however, BASE PrP TSE had a reduced percentage of diglycosylated PrP
Sc as compared with BSE-C and BSE-H (data not shown). Similar differences in glycoform pattern between BSE-C and BASE have also been documented previously (Béringue et al., 2007; Capobianco et al., 2007) .
Peripheral accumulation of PrP TSE in spleen. Similarly to classical BSE, others have found an absence of PrP TSE in the lymphoid tissues of cattle infected with BASE and H-type BSE (Balkema- Buschmann et al., 2011b; Okada et al., 2011b; Iwamaru et al., 2010) . However, studies have shown differences in lymphoid involvement in various mouse models challenged with classical and atypical BSE Kong et al., 2008; Torres et al., 2011) . Due to the different lymphoid involvement of classical and atypical BSE found in these mouse models, analysis of PrP accumulation in the spleen was performed on mice inoculated with each agent. To identify the presence of aggregated PrP in Bov6 mice challenged with BSE-C, BASE or BSE-H, spleen tissue was analysed by using the HerdChek* Bovine BSE Antigen Test kit (IDEXX), which is an antigen capture enzyme immunoassay (EIA) and utilizes a unique Seprion ligand capture technology (Microsens Biotechnologies). This assay permits the identification of PrP TSE without the requirement for digestion with PK. Two to three spleens derived from mice over 500 days p.i. with vacuolar pathology and moderate to heavy PrP deposition in the brain were analysed from each group (BASE, BSE-C and BSE-H). Positive assay readouts were obtained in spleens from all BSE agents (data not shown). Our findings indicate that these agents are lymphotrophic when passed into Bov6 mice.
DISCUSSION
In this study, we examined the transmission characteristics, neuropathology and biochemical characteristics of BASE, BSE-C and BSE-H within gene-targeted Tg mice expressing bovine PrP. While previous studies have conducted similar experiments using transgenic mice overexpressing bovine PrP (Béringue et al., 2006 (Béringue et al., , 2007 Buschmann et al., 2006; Capobianco et al., 2007; Nicot & Baron, 2011) , this is the first study in which gene-targeted bovine Tg mice have been used to model BASE, BSE-C and BSE-H transmission and neuropathology. As these transgenic mice are produced by gene replacement, they do not suffer from any adverse phenotypes that are associated with overexpression or ectopic expression of the transgene in standard transgenic lines, and may more closely represent what happens in nature. Furthermore, previous studies have shown efficient transmission of TSE agents into gene-targeted transgenic PrP mouse lines, demonstrating that these mice do live long enough to show signs of infection, supporting the use of targeted mouse models to analyse TSE disease transmission (Bishop et al., 2006 (Bishop et al., , 2010 Plinston et al., 2011 ). In the study described here, we found that all three BSE agents transmitted to Bov6 mice, confirming results found previously by using overexpressing bovine PrP transgenic mouse lines. However, an important difference in our study to those previously published was that, despite obvious neurodegenerative pathology, less than 10 % of Bov6 mice challenged with either BASE or BSE-H displayed any clinical signs of TSE disease, compared with 65 % of Bov6 mice inoculated with BSE-C. This was surprising, as all previous BASE inoculations using mice overexpressing bovine PrP showed clinical signs of disease, with shorter incubation times and increased levels of vacuolar pathology compared with BSE-C inoculated mice (Béringue et al., 2007; Buschmann et al., 2006; Capobianco et al., 2007; Nicot & Baron, 2011) . Indeed, studies have shown that cattle inoculated intracranially with BASE have longer incubation times than those challenged with classical BSE (Balkema- Buschmann et al., 2011a; Dawson et al., 1990 ). In keeping with previous studies, we inoculated 20 ml of a 10 % brain homogenate for both BSE-C and BASE that were prepared from a brainstem pool and frontal/parietal cortex pool, respectively, which are known to contain high levels of infectivity for each strain. Indeed, BASE-infected tissue from the same case as was used in these studies has previously been used (Béringue et al., 2007 (Béringue et al., , 2008 Biacabe et al., 2004; Casalone et al., 2004; Kong et al., 2008) , and shown to produce shorter incubations times than BSE-C in overexpressing bovine Tg mice (Béringue et al., 2006 (Béringue et al., , 2007 Buschmann et al., 2006; Capobianco et al., 2007; Okada et al., 2011a) . Our previous studies (C. Plinston, personal communication) whereby groups of Bov6 mice were challenged with several isolates of natural scrapie, which did not induce disease, show an average lifespan of Bov6 mice is consistent with the average survival time in the mice inoculated with BASE and BSE-H. Hence, despite the presence of TSE pathology in the majority of these mice, they were still able to reach normal lifespan. Our findings were thus in accordance with studies in cattle, showing that cattle infected with atypical BSE were found to be healthy at slaughter (Biacabe et al., 2004; Casalone et al., 2004) .
In addition to survival time and vacuolar degeneration, we also observed other findings which were not consistent with similar experiments in overexpressing bovine PrP mice. Using the IDEXX kit, PrP TSE was detected in spleen tissues in Bov6 mice challenged with all three BSE agents. Interestingly, other studies have shown the absence of PrP TSE in spleens derived from overexpressing bovine PrP transgenic mice challenged with BSE-H . Thioflavin-S fluorescent PrP deposits were observed in BASE-and BSE-H-challenged Bov6 mice; however, they were not detected with BSE-C, which is consistent with studies showing amyloid plaques in both BASE-and BSE-H-infected cattle brain (Casalone et al., 2004; Okada et al., 2011b) as opposed to classical cattle BSE, which is not associated with amyloid plaque formation. However, the Transmission characteristics of atypical BSE opposite was found in other studies using overexpressing bovine PrP transgenic mice in which amyloid plaques were present in brains of BSE-C challenged mice, but not for BASE (Capobianco et al., 2007) . Interestingly, transgenic mice overexpressing bovine PrP challenged with BASE that lack amyloid plaques display clinical signs of disease (Capobianco et al., 2007; Okada et al., 2011a) . It is possible that BASE challenged Bov6 mice do not display clinical signs of disease due to the amyloid plaque pathology playing a protective role in these diseases. It has been proposed that amyloid plaques can sequester the pathogenic agent and prevent the mechanisms that lead to the development of clinical disease. Furthermore, other studies have shown that the seeding of amyloid plaques can occur in the absence of disease transmission (Piccardo et al., 2007) . Interestingly, PrP deposition is heavier and has an earlier onset in BSE-C-challenged mice compared with BASE. Strikingly, significantly less PrP deposition was detected in BSE-H-challenged mice.
As part of this study we also investigated the susceptibility of wild-type mice (129/Ola) of the same genetic background as Bov6 mice to BASE, BSE-C and BSE-H. All of the mice challenged with BSE-C developed signs of disease, unlike mice challenged with BASE or BSE-H. Indeed, others have shown that while BSE-C transmits very efficiently to a variety of inbred mouse strains (SJL, C57B1/6), BASE does not Capobianco et al., 2007) . Our results may indicate a substantial transmission barrier between both BSE-H and BASE to wild-type mice, and this also supports the theory that BASE and BSE-H agents are distinct from BSE-C. Interestingly, other studies have shown that BSE-H readily transmits to wild-type mice (C57B1/6) and following serial passages the emergence of BSE-C strain properties is observed . In these transmissions, PrP TSE only accumulates as amyloid plaques in C57Bl/6 mice . BASE has shown no disease pathology on primary transmission in wild-type mice, but it too can produce BSE-C-like properties on subpassage (Capobianco et al., 2007) . The lack of transmission of BASE and BSE-H in our study may be due to differences in inbred strains and subpassages are ongoing to determine any subclinical disease in the 129/Ola mice.
Our data confirm previous reports on transmissibility of different bovine prion isolates to transgenic mice expressing bovine PrP and support the conclusions that these isolates are distinct strains. Ongoing subpassage experiments will further analyse the relationship between BASE and BSE-H with BSE-C, and determine whether the isolates breed true or BSE-C-like phenotypes are observed. However, important contrasting differences between disease transmission of BASE in Bov6 mice compared to other transgenic lines overexpressing bovine PrP were identified. The reasons why BASE does not produce a shorter survival period in our mice and presents less neuropathology than BSE-C, which is contrary to results obtained in overexpression models, are unknown. However, our results would fit more closely with the disease profile of both classical and atypical BSE found in cattle. Interestingly, other studies investigating transmission of atypical scrapie have shown that the risk of transmission is lower for atypical scrapie than classical scrapie and this finding is closely linked to the expression level of the prion protein (Arsac et al., 2009 . All inocula were prepared from brain tissue in sterile saline at a concentration of 10 % (w/v). Full pathological characterization of source tissues (BASE, C. Casalone; BSE-H, T. Baron; BSE-C, VLA) was previously performed to confirm disease status.
Inoculation of transgenic mice with classical and atypical BSE.
Gene-targeted Bov6 transgenic mice have been described previously (Bishop et al., 2006) . Wild-type 129/Ola mice were used as controls (Bishop et al., 2006) . Transgenic mice were grouped (24 mice each) prior to intracerebral inoculation and then injected with 0.02 ml 10 21 brain homogenate (BASE or BSE-H) into the right cerebral hemisphere under halothane anaesthesia. All inocula were prepared by maceration of the brain tissue in sterile saline to a dilution of 10 21 . From 100 days mice were scored each week for signs of disease. Mice were killed by cervical dislocation at a pre-defined clinical end-point or due to welfare reasons (Dickinson et al., 1968) . Due to the low number of culls for clinical TSE disease, survival times were calculated for mice showing both PrP deposition and vacuolar pathology. Brains and spleens were recovered at post-mortem. The spleen and half the brain were snap-frozen in liquid nitrogen for biochemical analysis and the remaining half brain was fixed for histological processing. Data shown (for comparison) from the inoculation of Bov6 and 129/ Ola wild-type mice with a cattle BSE brainstem pool (provided by AHVLA) was generated and published previously (Bishop et al., 2006; Plinston et al., 2011) . Data produced in these studies were recalculated to produce survival times as detailed above for comparison with BASE and BSE-H data. All mouse experiments were reviewed and approved by the Local Ethical Review Committee and performed under licence from the UK Home Office in accordance with the UK Animals (Scientific Procedures) Act 1986.
Vacuolation scoring. Sections were cut (6 mm) from each mouse brain and stained using haematoxylin and eosin. TSE-related vacuolation was assessed at nine grey-matter regions (medulla, cerebellum, superior colliculus, hypothalamus, thalamus, hippocampus, septum, retrospinal cortex, cingulated and motor cortex) and three regions of white matter (cerebellar white matter, midbrain white matter and cerebral peduncle). Sections were scored on a scale of 0 (no vacuolation) to 5 (severe vacuolation) for the presence and severity of vacuolation and mean vacuolation scores for each mouse group in each experiment were calculated and plotted with SEM against scoring areas to produce a lesion profile, as described previously (Bruce et al., 1997; Fraser & Dickinson, 1967) . While, the production of lesion profiles in preclinical mice is not standard practice, all mice which scored positively for vacuolation pathology were included whether or not clinical signs were present, due to very few mice challenged with BASE and BSE-H displaying clinical signs of disease.
Immunohistochemical analysis of PrP deposition and glial activation in the brain. PrP TSE localization in the brain was assessed by using immunohistochemistry. Following fixation in 10 % formal saline, brains were treated for 1.5 h in 98 % formic acid, dissected to expose several brain regions and embedded in paraffin. Sections (6 mm) were then autoclaved for 15 min at 121 uC and immersed in 95 % formic acid for 10 min prior to incubation with 0.44 mg antiPrP mAb 6H4 (Prionics) ml 21 at room temperature overnight. Secondary anti-mouse biotinylated antibody (Jackson Immuno Research Laboratories) was added at 2.5 mg ml 21 and incubated for 1 h at room temperature. Immunolabelling was performed using the ABC Elite kit (Vector Laboratories) and the signal was visualized by a reaction with hydrogen peroxidize-activated diaminobenzidine (DAB). The presence of astrogliosis, a hallmark of prion disease, was assessed by incubating brain sections (6 mm) with 1.45 mg antiglial fibrillary acidic protein (GFAP; Dako) ml 21 antibody at room temperature for 1 h. To detect microglial activation, brain sections were pretreated by using hydrated microwaving for 10 min prior to incubation with 0.05 mg anti-Iba1 antibody (Wako Chemicals) ml 21 at room temperature for 1 h. For both GFAP and anti-Iba-1 antibodies, 2.6 mg biotinylated secondary anti-rabbit antibody (Jackson Immno Research Laboratories) ml 21 was added for 1 h at room temperature. Both astrocytes and microglia were visualized by a reaction with hydrogen peroxidize-activated DAB. Amyloid deposits in tissue sections were observed using Thioflavin-S. Briefly, following haematoxylin staining, sections (6 mm) were immersed in 1 % Thioflavin-S (Sigma) solution as described previously (Piccardo et al., 1998) . Sections were mounted and viewed under a fluorescence microscope.
Immunoassay for detection of spleen PrP TSE . The HerdChek* BSE Antigen Test kit (IDEXX) is an antigen capture EIA for the detection of PrP TSE in post-mortem tissues. Spleens from mice inoculated with all three BSE agents were homogenized in sterile saline in a Rybolyser (Hybaid) to achieve a 30 % homogenate. Protocol was performed following manufacturer's instructions.
Identification of PrP
TSE by immunoblotting. Frozen brain samples from Bov6 mice challenged with BSE-C, BASE and BSE-H were homogenized at 10 % in an NP-40 buffer [0.5 % (v/v) NP-40, 0.5 % (w/v) sodium deoxycholate, 0.9 % (w/v) sodium chloride, 50 mM Tris/HCl pH 7.5] and clarified at 11 000 g for 15 min. Brain homogenate supernatant from the transgenic mice and controls was incubated with or without 20 mg proteinase K ml 21 for 1 h at 37 uC. The products were denatured and separated on a 12 % Novex Tris/ glycine gel (Invitrogen) before transfer to PVDF membrane by Western blotting. The amount of brain tissue loaded onto the gels varied between 0.6 and 3 mg. PrP was identified with mAb 6H4 (0.1 mg ml 21 ) and bands visualized by using HRP-labelled antimouse secondary antibody (Jackson Immuno Research Laboratories) and a chemiluminescence substrate (Roche). Images were captured on radiographic film and with a Kodak 440CF digital imager.
PCR genotyping of mouse tail DNA. All mice were analysed by PCR post-mortem to confirm PrP genotype. Mouse tail DNA was extracted and genotyped as described previously (Bishop et al., 2006) .
